In a bid to enhance the integrity and health of selected network of ecosystems and effectively manage them in Sierra Leone, a baseline assessment of butterfly diversity of two wetland ecosystems Mamunta Mayosso Wildlife Santuary (MMWS) and Sierra Leone River Estuary (SLRE) affected by different environmental stressors was undertaken as part of the Sierra Leone Wetland Conservation Project (SLWCP). We hypothesised that different environmental stressors affect butterfly communities in wetlands in Sierra Leone and the higher the stress the lower the butterfly diversity in an area. Sampling was conducted via field identification by wing patterns, flight mode, direct counts along transects and charaxes trapping. A total of 2300 individuals representing 95 species of butterflies were recorded. Though butterflies were evenly distributed at both sites, MMWS recorded the highest richness and abundance of butterflies during both seasons. This observation is reported to be because of high environmental stressors such as mining, agriculture and pollution from factories in the SLRE. The results further show that MMWS is made up of a mosaic of different vegetation patches that support higher diversity of butterfly species. This study also reveals that anthropogenic activities have a negative impact on butterfly diversity.
Introduction
The on-going biodiversity crisis in the world is partly due to the transformation of natural systems through human-induced anthropogenic activities [1] [2] . This phenomenon is even more pronounced in the South of the Sahara which is believed to have lost a substantial amount of its natural habitats and resources through anthropogenic activities [3] . Direct human activities such as agricultural expansion and intensification, commercial logging, infrastructural development and settlement expansion also play a role in habitat loss as key environmental stressor [4] [5] . Among the most important natural resources that are affected through anthropogenic activities are diversity of animals and their habitats (e.g. wetlands and their associated fauna and flora) [6] [7] . In 2005, the Millennium Ecosystem Assessment reported that 10% -30% of mammals, birds, and amphibians were threatened with extinction because of human activities. The most important of these anthropogenic impacts on biodiversity is land use change [8] [9]. Other environmental stressors such as habitat loss and degradation, pollution, overexploitation, and invasive species also play significant roles in accelerating biodiversity declines. Many of such habitats that have suffered degradation through anthropogenic impacts over the years are wetlands.
According to the Ramsar Convention [10] , a wetland is defined as an area of marsh or fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salty. Wetlands are believed to be among the earth's most productive ecosystems [11] [12] . It also includes areas of marine water, with less than six metres in depths and of low tides. Other than supplying local communities with resources for subsistence, wetlands support distant communities with ecological services. Some of these ecological services are flood impact control, and drought alleviation, ground-water recharge, water quality protection and purification. Other important functions of wetlands are providing alternative sources of drinking water and storage, erosion and sediment control, wastewater treatment, carbon retention and climate modification [13] [14] .
The New Partnership for Africa's Development (NEPAD) identified six sectorial priorities, including the Environmental Initiative of which wetland conservation was highlighted as one of eight sub-themes demanding priority intervention [15] . Streams and their associated wetlands are recognised as valuable mainly due to their environmentally sensitive habitats and microclimate modification. These ecosystems are dominated by complex biotic communities of animals mostly invertebrates [16] . Wetlands have always been thought of as "wastelands" [17] [18] and therefore subjected to degradation through dredging.
The attraction and value of wetlands as important wildlife habitats, among other uses such as provision of fin and shell fish, salt, thatch and wood [18] have increasingly been identified. Coastal wetlands are especially important as nutrient-rich habitats for fish spawning and nursery [19] . Equally important in wetland ecosystem is the insect community. [33] . Forest areas serve as refuges for displaced butterfly species from areas where farming and other human activities have affected insect diversity and their habitats [31] . The overview of African butterfly biogeography is given by Larsen [34] , of which 750 species are known to occur in Sierra Leone.
This region has been fairly studied compared to other regions with at least 17 endemic butterfly species known to occur in the whole of Sierra Leone or localities in the country [35] .
Our hypothesis for this study is that different environmental stressors such as land use affect butterfly communities in wetlands in Sierra Leone. We also hypothesised that there are significant differences in butterfly diversity between SLRE and MMWS, and that the more exploited a forest is or the higher the environmental stress, the less the butterfly diversity. From this hypothesis we investigated butterfly communities on different wetland patches in different areas in Sierra Leone that have been impacted by different environmental stressors such as mining, agriculture and logging. More specifically, we measured butterfly alpha and beta diversity between pristine natural wetlands and compared these with more impacted neighbouring wetland areas of the above-mentioned wetland reserves (SLRE and MMWS). 
Methods

Sampling Areas
Survey
Surveys were conducted in six locations along the coastal zones of Koya and 
Statistical Analyses
Alpha species diversity indices (Pielou's evenness, Shannon-Wiener, Simpson's)
were computed [44] , ranked and treated as surrogates for biodiversity [45] . For
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indices on shared species, the classic Jaccard and Sorensen indices were computed [44] as well as the adjusted Jaccard and the adjusted Sorensen indices [46] which were abundance based rather than just presence or absence of species.
These analyses were computed using EstimateS [47] . Rank abundance curves (Whitaker plots) were constructed in Excel to compare total butterfly diversity within the two wetlands. Furthermore, a t-test was conducted in Statistica 13.2 [48] [49] to find out if there were any significant differences in butterfly populations between the two study areas (i.e. MMWS vs SLRE) in terms of richness and abundance.
Results
A total of 2300 individuals classified into 95 species were recorded for this study (Table 1) . SLRE recorded the lowest abundances and species numbers for both wet and dry seasons respectively (see Figure 2 ). Butterflies were relatively more evenly distributed at both sites during the dry season than in the wet season (see Figure 2(c) ). Of the 95 species of butterflies recorded during this survey, 38 species were common to both SRLE and MMWS during the wet season. In the dry season, 21 species were common to both study areas.
The least number of shared species (9) was recorded in SRLE between the dry and wet seasons ( Table 2 ). The species rank abundance curve of individuals sampled within the SLRE ranked 62 species while 77 species were ranked in MMWS. In addition, the slope of the rank abundance curve showed that MMWS had the highest evenness compared to SLRE (Figure 3 ). Four species Junonia terea, Mylothris chloris, Catopsilia florella and Hypolimnas misippus dominated the entire collection. In the dry season, Elymniopsis bammakoo, J. terea and Azanus jesous were the most abundant species whiles J. terea, M. chloris and C. florella were the most abundant species collected during the wet season. Results from t-test conducted on butterfly communities in MMWS and SLRE showed significant differences in diversity (t-value = 2.43, p < 0.05). Arrow signs in Figure 4 show that butterfly diversity in SLRE is in decline because of high environmental stressors especially anthropogenic activities in Sierra Leone.
Discussion
The total number of butterflies recorded in this study account for about 20% of This study documents diurnal butterfly species occurring within MMWS and SLRE during wet and dry seasons. MMWS recorded less species during the rainy season, whereas SLRE recorded less species in the dry season. A similar distribution of species was recorded by Kyerematen et al. [50] in a transitional vegetation zone, where more butterflies were recorded during the dry season within a riparian forest mosaic in Ghana. The reverse diversity was the case for butterfly records in neighbouring savanna woodlands in the wet season in Ghana. In general, MMWS recorded a higher diversity of butterflies in relations to the diversity in SLRE. This is because there were different vegetation structures that included secondary forest at MMWS that is believed to affect diversity as opposed to the dominant mangrove swamp vegetation in SLRE. This conforms to studies by Kyerematen et al. [33] who found more butterflies in high-forested areas compared to less forested ones. Furthermore, more butterflies were recorded during the dry season at MMWS than in the wet season. This finding contradicts studies by Kyerematen et al. [33] and Castro and Espinosa preferred vegetation density by butterflies, a phenomenon that requires further studies.
In this study, most of the species from the genera Acraea, Eurema, Cymothoe and all species from Anthene and Euretela were recorded in the dry season only. In contrast, most species of the genera Precis, Charaxes and Colotis were recorded in the wet season. Because of these differences, the use of periodic flight variation in butterflies was justifiably used as surrogates for seasonal variations in species compositions between the two study areas. The high abundance of grass-feeding Satyrine species in both MMWS and SLRE could be an indication of high environmental stress [52] . The close association between grasses and Satyrine species in this study could signal a higher potential for use as indicators of forest condition. Such an attribute can be beneficially exploited to help direct limited conservation resources in economically disadvantaged areas and for prioritising conservation efforts such as identifying priority sites for formal protection or steering restoration efforts [27] . Another reason that could account for these variations in species compositions between the two study areas is the extent and impact of human activities or environmental stressors such as agricultural expansion and intensification, infrastructure development, settlement expansion and pollution which according to Bonebrake et al. [4] and Gardner et al. [5] play significant roles in biodiversity decline. For instance, in the SLRE, woodcutting from the dominant mangrove vegetation is extremely high in many areas compared to MMWS. The intensity is particularly high along the Bunce River and the Aberdeen Creek because of their proximity to Freetown where the demand for wood fuel is high (personal observation). According to Dumbrell and Hill [53] , extensive woodcutting destroys forest canopies and gradually turns a forest into an open habitat that eventually results in the reduction of species richness of many animal species including butterflies. In addition, agricultural production and high human settlement in the SLRE has further reduced the mangrove vegetation mainly through rice cultivation in and around Pepel and Robere. This situation is believed to have caused a reduction in floral resources and their diversity in SLRE but such is not the case in MMWS. Under such a situation, several generalist species could be recorded because they can thrive under a more degraded environment compared to specialist species [54] [55] . Such degradations could also increase the incidence of flooding events along the estuary. Increased disturbance and degradation of natural landscapes has the potential of accelerating declines in butterfly assemblages [28] . Many industries in and around Freetown also use the SLRE as a dumping site for their untreated wastes and hence add more stress to various habitats within the wetland. MMWS was the richest in butterfly fauna mainly because it had very little environmental disturbance or stress at the periphery of the sanctuary. One of such environmental less stressful activity on the environment was cattle grazing which is known to help accommodate more butterfly species because of its partial disturbance [56] [57] [58] . This is further substantiated in a study by Bennet [59] that areas with moderate disturbance in forest cover can relatively have higher butterfly abundance and richness. This is evident in the high abundance of open area species like J. terea and M. chloris.
Pressure from hunting (although low to moderate and probably because of control exerted by game guards) can increase the pressure exerted on birds and such higher trophic animals (e.g. spur-winged geese and other large ducks that feed on butterflies) causing their reduction and hence less pressure on butterfly due to less predation impact.
The most commonly encountered butterfly species in this study were Graphium policenes, Mylothris poppea, Catopsilia florella and Nepheronia thalassina, which are typically grassland/open country species. These species are commonly encountered in African woodlands. Papilio demodocus, P. nireus, Bicyclus dorothea, Junonia oenone and J. terea are known over the last decade to be much more common in West Africa than they ever were. This could be because of the ongoing and widespread destruction and fragmentation of forest cover [34] and the ability of these mentioned species to colonise both pristine and disturbed forests. These are all characteristics, which according to Bossart et al. [27] facilitate persistence of forest butterfly species in highly transformed landscapes.
Larsen [34] found that certain butterfly species are vulnerable to habitat degradation. Many of such species belonging to the genera Papilio, Cymothoe and Charaxes-known to be highly sensitive to forest fragmentation-were encountered at MMWS. Although MMWS is a wetland, it had patches of primary forests at Mayosso and Mabobo villages. These primary forests may be part of sacred grooves in these communities and may form refugia for butterfly species escaping from degraded areas. The relatively low butterfly abundance and diversity recorded at SLRE can be attributed to high anthropogenic activities and other environmental stressors such as mangrove harvesting, sand winning, fishing and infrastructural development.
On the other hand, the relatively high butterfly diversity at MMWS can be at- 
Conclusion
The two studied wetlands (MMWS and SLRE) combined had a high butterfly diversity with 95 species. Butterfly species were evenly distributed although the numbers varied significantly depending on the type of vegetation and the amount of vegetation cover as well as the type and extent of anthropogenic activities within each site. This study also shows that high environmental stressors have a negative influence on butterfly diversity, and that the relatively high activities at SRLE corresponded to a relatively low butterfly richness and abundance while the reverse was the case at MMWS. Elymniopsis bammakoo, Danaus chrysippus, Junonia terea and Azanus jesous were the most abundant or dominant species of butterflies during the dry season while J. terea, Catopsilia florella, Mylothris chloris and Leptosia medusa were the most abundant or dominant species of butterflies encountered during the wet season. This reiterates the use of butterflies as bioindicators for quality assessment of vegetation, ecosystems health, and/or show onset of seasonal changes. Furthermore, this study also shows that, protected wetlands are vital for maintaining the total complement of diversity of butterflies in Sierra Leone (see Figure 4 ).
